Sepsis is frequently encountered in the hospital setting and can be community-acquired, health-care-associated, or hospital-acquired. The annual incidence of sepsis in the United States population ranges from 300 to 1031 per 100,000 and is increasing by 13% annually. There is an associated inhospital mortality of 10% for sepsis and >40% for septic shock. Interventional radiology is frequently called on to treat patients with sepsis, and in rarer circumstances, interventional radiologists themselves may cause sepsis. Thus, it is essential for interventional radiologists to be able to identify and manage septic patients to reduce sepsis-related morbidity and mortality. The purpose of this paper is to outline procedures most likely to cause sepsis and delineate important clinical aspects of identifying and managing septic patients.
INTRODUCTION
C onventionally, sepsis has been defined as the systemic response to infection. However, the language defining sepsis has been inconsistent. As our understanding of the pathobiology of sepsis has increased, our definitions of sepsis continue to evolve and yet still remain imprecise. [1] The latest iteration in 2016, sepsis-3, now defines sepsis as a syndrome of life-threatening organ dysfunction caused by dysregulated host response to infection. Organ dysfunction is represented by an increase of two or greater in the sequential (sepsis-related) organ failure assessment (SOFA) score ( Table 1) . The term severe sepsis was previously used to describe sepsis associated with organ dysfunction. This term has been discontinued and sepsis is now thought of as a continuum ending in septic shock. Septic shock, a subset of sepsis, occurs when vasopressors are required to maintain a mean arterial pressure (MAP) of 65 mm Hg or greater and a serum lactate >2 mmol/L in the absence of hypovolemia. [2] Sepsis epidemiology and mortality estimates are imprecise due to the heterogeneity in definitions, with incidence estimates from nationwide date from 2004 to 2009 ranging from 300 to 1031 per 100,000 US population. [3] It is clear that the incidence of sepsis has been increasing at an approximate annual rate of 13%, now exceeding admissions for stroke or acute coronary syndrome. [1, 3] At least 14% of critical care unit admissions are due to sepsis. [4] Inhospital mortality for sepsis is 10% and increases to >40% with septic shock, for an annual total of 750,000 fatalities and $20 billion in healthcare costs. [2] Furthermore, sepsis survivors have been shown to have emotional, cognitive, and functional disabilities further augmenting costs. [4] Interventional radiology teams are frequently involved in controlling infection source, often in severely ill patients who are already septic or at a high risk to become septic. The increasing incidence of sepsis in hospitalized patients combined with the inherent risk sepsis secondary to interventional radiology procedures makes it imperative for interventional radiologists to be competent in identifying and managing sepsis. This paper will discuss procedures documented to have higher rates of sepsis complications and the prevention, identification, and management of sepsis with the overarching goal of reducing sepsis morbidity and mortality.
PROCEDURES ASSOCIATED WITH INCREASED SEPSIS RISK
Procedures involving percutaneous drainage of infected collections or passage through highly vascularized organs, such as the liver and kidney, are most likely to be associated with increased sepsis risk ( Table 2) . [4] Percutaneous catheter nephrostomy (PCN) is associated with sepsis in 1-3% of cases. Of pyonephrosis-associated PCN tube placements, 7-9% of cases are associated with septic shock. [5] Emergent PCN cases are also associated with higher sepsis rates, 3.6%; in the emergent PCN placement series, 100% of patients developed a transient post-procedural increase in body temperature, necessitating close monitoring for worsening of symptoms. [5] Biliary interventions, such as percutaneous transhepatic cholangiogram and percutaneous bile duct catheter insertion, [5] PTC and PBD catheter 0.8-2.3% [6, 7] Arterial-venous fistulas Rare [8] Hepatic abscess 0-21% [9, 10] Radiofrequency ablation -hepatic and renal Rare [7] TAE and TACE Rare, usually delayed>1-week post-procedure [7] UFE 2.5%, but no cases until>1-week post-procedure [13] PCN are associated with rates of sepsis ranging from 0.8% to 2.3%. [6, 7] Age >70, prior biliary instrumentation, diabetes mellitus, acute cholecystitis, and obstructive jaundice increase the risk for positive bile cultures and sepsis. [6] It is believed that bacteremia is caused by a combination of biliary system obstruction leading to retrograde bile flow into the sinusoids and multiple passages of the needle through the hepatic vasculature during access attempts. [7] In general, vascular stenting procedures are rarely associated with infectious complications. However, cases of intraprocedural sepsis have been reported in dialysis arteriovenous fistulas that require thrombolysis of infected thrombus or pseudoaneurysm manipulation. [8] Sepsis is an associated complication of hepatic abscess drainage, though reported rates vary. Thomas et al. reported sepsis in 7 of 33 patients following percutaneous hepatic abscess drainage. [9] A series by Bissada and Bateman documented no occurrences of sepsis in the 24 patients treated with percutaneous hepatic abscess drainage. [10] Radiofrequency ablation (RFA) of hepatic and renal tumors rarely causes sepsis. Reported development of hepatic abscesses or cholangitis is <2% and renal abscesses <1%. [7] However, post-ablation syndrome occurs in roughly onethird of patients following hepatic and renal ablation. The most common symptoms are nausea, vomiting, pain, fever, and malaise. In patients following ablation, Wah et al. reported nausea, vomiting, and malaise in 81% and fever in 42%. [7, 11] Similar symptoms, referred to as post-embolization syndrome, are reported following transarterial embolization (TAE) and transarterial chemoembolization (TACE). [7] The symptoms of both syndromes mimic early signs of sepsis. It is important to remember the natural progression of infection in these patients, with abscess formation and/or sepsis occurring >1 week after the procedure. [12] Similarly, uterine fibroid embolization (UFE) has a 2.5% rate of delayed infectious complications beginning over 1 week post-procedure. [13] 
Sepsis prevention
The best treatment for sepsis is prevention, namely, sterile preparation and technique alterations which are delineated in Table 3 and are followed by the majority of interventional radiology departments. [14, 15] In addition, it is common practice for antibiotic prophylaxis to be administered for procedures involving biliary, urinary, or hepatic systems. Antibiotics should be administered once the patient has arrived at the interventional suite rather than on the hospital floors. Additional doses of antibiotics should be administered according to their dosing schedule for the duration of the procedure. Continued drainage of infected material requires antibiotic coverage until drainage is complete due to continued risk of bacteremia and sepsis. [14] The rising incidence of antibiotic-resistant bacterial strains has prompted reevaluation of antibiotic prophylaxis in surgical literature. [14] One option to improve our antibiotic stewardship, one option is to risk-stratify patients. In a study, evaluating sepsis incidence in patients who received or did not receive prophylactic antibiotics before PCN placement, Cochran et al. stratified patients into high-risk (age >70, diabetes, indwelling catheter, bacteriuria, stones, or ureterointestinal conduit) and low-risk (none of the aforementioned characteristics) groups. The high-risk group showed a statistically significant difference in sepsis with antibiotics (10%) versus without antibiotics (50%). The lowrisk group did not show statistically significant results. [5] More studies of this nature are needed to determine for using risk stratification to determine antibiotic prophylaxis.
Common pathogens and their prophylactic regimens are delineated in Table 4 . However, there are continued caveats to these choices, and further research is needed. Rather than as depth discussion of prophylactic regimens, this section aims to highlight areas needing further research and caveats in antibiotic choice. No trials have evaluated the effectiveness of prophylaxis in TAE/TACE at preventing infection. [7] Hepatic and renal RFA patients have unclear infection reduction with prophylactic antibiotics, but the SIR clinical practice guidelines recommend antibiotic prophylaxis. [7, 16] Similarly, prophylaxis is contentious in UFE since infectious complications are delayed from procedure by 2 to 3 weeks. However, fatal sepsis in the absence of antibiotics at the time of UFE has been documented. [17] Third-generation cephalosporins, such as ceftriaxone, have enhanced biliary excretion, which along with their easy dosing schedule, makes them ideal for biliary interventions; [14] biliary cultures are useful in directing antibiotic choice and yet are rarely collected before procedure. [18] Using cultures The following suggestions have been made in response to anecdotal procedure. During biliary interventions, the use of ultrasound rather than fluoroscopy has been noted to decrease the number of passes through hepatic parenchyma and thus lower infection risk by minimizing introduction of bacteria into hepatic vasculature. [19] For all procedures, manipulation of infected systems should be minimized to decrease the risk of spillage. Overdistention of collecting systems with contrast material injection should be avoided, as it is correlated with increased sepsis risk. [20, 21] Draining of urine and not performing a routine nephrostogram may also decrease the risk of sepsis.
[21]
Diagnosis
High clinical suspicion and close patient monitoring are needed for the diagnosis of sepsis. The systemic inflammatory response syndrome (SIRS) criteria (Table 5) have been used since 1991 as a means of identifying patients with possible sepsis. However, SIRS criteria are non-specific and are present in many of the ill patients routinely treated in interventional radiology suites. Furthermore, the recent studies have shown that the criteria are not as sensitive as one would hope, with a study based in critical care units in Australia and New Zealand reported 1 out of 8 patients admitted to the unit had infection and new organ failure, yet did not meet the required 2 SIRS criteria. [22] A Dutch study showed similar results with 17% of intensive care unit patients with known infection and organ dysfunction not meeting SIRS criteria. [23] Currently, there is debate in the literature regarding whether or not the emphasis on SOFA and quick SOFA (qSOFA) ( Table 6 ) will improve sepsis diagnosis. It should be mentioned that qSOFA is not intended for use as a diagnostic or screening tool and has been shown to have a low sensitivity; it was designed as a clinical outcome predictor. At this stage, the new definition of sepsis is of highest utility in patient classification for research and trials, not in altering clinical practice or making the initial diagnosis. [24] A combination of physical examination findings and laboratory values is used in the diagnosis of sepsis. Not every 
Staphylococcus aureus, Staphylococcus epidermidis
No routine prophylaxis, unless stent infection risk is high. Then, use 1 g cefazolin IV or if penicillin allergic, vancomycin, or clindamycin [7, 17] IV: Intravenous, UFE: Uterine fibroid embolization
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Altered mental status (AMS), especially in older adults, is a common early manifestation of sepsis, and its severity is often correlated with the severity of illness. Delirium occurs in 30-50% of patients with sepsis. [2] Care must be taken to distinguish AMS secondary to infection from medicationinduced AMS.
Hyperventilation can be the earliest marker. Respiratory rate is a variable marker and underlying patient etiology and use of respiratory depressants must be taken into consideration. In a study of 946 septic emergency department patients, only 22% had a respiratory rate >20 as required by SIRS. Many of the patients had a respiratory rate of 19 or 20, placing them just below the threshold. [25] Fever, defined as body temperature >38°C, is another sign that prompts an infectious evaluation of a patient. However, many septic patient may be euthermic or more worrisome, hypothermic.
[2] Older adults, immunosuppressed, patients using anti-inflammatories or antipyretics, and those with many comorbid conditions are more likely to remain euthermic while septic. This patient population encompasses many of the individuals cared for by interventional radiologists. Hypothermia, defined as body temperature <36°C, is a worrisome sign of sepsis. As such, patients that begin to shiver during a procedure should be evaluated for sepsis and other causes of shivering, such as transfusion reaction. [4] Sepsis can produce many hemodynamic changes. Hypotension, defined as systolic blood pressure <90 mm Hg or a reduction >40 mm Hg from baseline, results from sepsismediated venodilation, increased vascular permeability, and decreased arteriolar resistance. Tachycardia, one of the SIRS criteria, serves to increase cardiac output and counteract hypotension. End-organ damage occurs when the heart is not able to augment cardiac output enough to overcome the decrease in systemic vascular resistance. Sepsis refractoriness to fluid resuscitation is due to large part to the increase in venous capacitance and resulting inadequate return of blood to the heart. [25] Recently, there has been an increased focus on a decline in HRV as a marker of sepsis. However, many pharmaceutical interventions, such as beta-blockers, or sick sinus syndrome will decrease HRV confounding this tool. [2, 25] A hematologic sign prompting an investigation for sepsis/ infection is leukocytosis. This sign is not always present, especially in older patients, chronically ill patients, and immunosuppressed. Of particular importance to interventional radiologists, the prevalence of disseminated intravascular coagulopathy in patients with sepsis reaches 30-50%, with the most common adverse effect being hemorrhage. [2] The fact that many of the clinical changes heralding sepsis are changes in vital signs or mental status emphasizes the role of nursing. Nurses are more in tune with the patients' mental status and vital signs. Furthermore, nurses are monitoring the patients in the recovery area. It is essential to have a protocol for nurses to alert physicians for quick assessment and administration of antibiotics and fluids to septic patients.
Management
Despite increased understanding of the pathophysiology of sepsis, management has remained largely unchanged. There are three cornerstones to treatment: (1) Source control, (2) antibiotic usage, and (3) maintaining hemodynamic stability through fluids and arterial vasoconstrictors.
Source control is often the reason for the septic patient or the patient at high risk of becoming septic is sent to interventional radiology. Interventional radiologists are extremely adept at accessing fluid collections throughout the body. The question faced by interventional radiologists when dealing with a septic patient is whether or not to continue the procedure. If the patient is stable, it could be argued that the procedure should be continued and the fluid collection drained. If, however, the patient has signs of hemodynamic instability, they may warrant further intensive care and stabilization before another drainage attempt. The answer to this dilemma will vary widely from patient to patient, institutional preference and among interventionalists. [4] Antibiotics are the second cornerstone to sepsis management, and their timely administration is the single strongest predictor of outcome.
[2] The use of antibiotic prophylaxis has previously been discussed in this paper. This section will discuss management if the patient becomes septic despite prophylaxis or if they never received prophylaxis. If sepsis is suspected, broad-spectrum antibiotics are administered early, preferably after blood cultures have been drawn, but should not be delayed unnecessarily waiting on cultures. Each hour of delay has been associated with an 8% increase in mortality. [2] Antibiotics can later be tailored if a specimen is isolated.
If the patient has received prophylaxis, either repeating the dose or assuming the organism is resistant to the antibiotic and broadening the coverage are both prudent options. The concern for resistance will depend on the patient's history and the institution's antibiogram. If a Gram-positive organism is suspected, give 1 g intravenous (IV) vancomycin. If Gramnegative or mixed flora is suspected, then give 1 g ampicillin IV and 1.2 mg/kg gentamicin. [26] Care must be taken with frequently hospitalized patients, or one has been in the hospital for a prolonged course. These individuals are more likely to be resistant to first-and second-generation penicillins and will need to be treated with third-or fourth-generation penicillins or a cephalosporin. Another consideration is the nephrotoxic side effect profile of gentamicin, especially when combined with poor renal perfusion in sepsis and the use of radiocontrast dye in interventional procedures. A general rule of thumb is to avoid aminoglycosides in patients with a creatinine >1.5 mg/dL. Instead, aztreonam or a fourthgeneration cephalosporin can be administered. [4, 26] In addition to antibiotics, fluids are the other mainstay management for sepsis. Fluids act to restore intravascular volume, optimize cardiac output, and improve end-organ perfusion. [2] Studies in animals have demonstrated that fluids plus antibiotics yield better outcomes than either fluids or antibiotics alone. [27] Crystalloids, either lactated Ringer solution or 0.9% sodium chloride solution, are the fluids of choice. Due to their higher cost and no mortality improvement, colloids are not the preferred resuscitation method. [1, 2] The goal is to maintain a MAP of 65 mm Hg or higher, with the exception of patients with long-standing hypertension who will require a higher MAP. Achieving this requires 2-3 L of crystalloid within the first hour and up to 6-10 L over the first 24 h. [2, 4] Judicious use of fluids is required in patients with a history of congestive heart failure and overuse of fluids has been shown to increase mortality. [2] To avoid overresuscitation, patients should only receive fluids for as long as they are fluid responsive. [1] If hypotension continues after administration of fluids, an arterial vasoconstrictor needs to be used. Norepinephrine is the current agent preferred by critical care clinicians. Previously, dopamine was the preferred agent, but head-tohead trials have shown improved 28 days survival in patients that received norepinephrine and a 2 times higher occurrence of arrhythmias in patients receiving dopamine. [1, 28, 29] Norepinephrine functions predominately as an alpha-1 agonist, with additional alpha-2 properties at higher doses, allowing it to increase cardiac output in addition to vasoconstriction. [2] Aside from source control, antibiotics and maintaining hemodynamic stability, and interventional radiologists must coordinate with the necessary entities in their hospital to get the patients higher levels of care quickly. Before leaving the interventional suite, it may also be pertinent to assess the patient's need for arterial lines and central venous catheters that can be placed with greater ease in an interventional radiology suite than on the floors.
SUMMARY
Sepsis is a syndrome that heralds poor patient outcomes if not identified and managed quickly. Many patients seen in interventional radiology are already septic or are at high risk of becoming septic making it quintessential for interventional radiologists to be adept at sepsis identification and initial stages in management. Judicious use of antibiotics and minimization of system disturbance can decrease the risk. Close clinical monitoring by clinicians and nurses will aid in detecting vital sign aberrations consistent with sepsis. Induction of broad spectrum antibiotics and judicious use of fluids and arterial vasoconstrictors are the cornerstones of sepsis management, along with involving critical care teams for higher levels of care.
